SUMMARY Central motor conduction to small hand muscles was measured using magnetic stimulation of the motor cortex and electrical stimulation of proximal motor roots in 11 patients with Friedreich's ataxia, 10 patients with early onset cerebellar ataxia with retained tendon reflexes (EOCA) and 13 patients with late onset degenerative cerebellar disease (LOCD) 
The hereditary ataxias are a complex group of disorders which can be classified according to their clinical and genetic features.1 2 There are two main groups, depending on whether the age of onset of symptoms is before or after 20 years. The most frequent early onset disorder in Caucasian populations is Friedreich's ataxia comprising about two thirds of cases of hereditary ataxia.' It is characterised clinically by the onset of symptoms within the first two decades of life, autosomal recessive inheritance, progressive truncal and limb ataxia, dysarthria, absent tendon reflexes, pyramidal signs, distal loss of vibration and joint position sense, foot and spinal deformity, and cardiomyopathy.2 3 Early onset cerebellar ataxia with retained tendon reflexes (EOCA), also of autosomal recessive inheritance, is distinct from Friedreich's ataxia. 4 The tendon reflexes are normal or increased and optic atrophy, cardiomyopathy, diabetes and severe skeletal deformities are not features of this disease. The clinical prognosis is better and patients remain ambulant on average for 13 years longer than those with Friedreich's ataxia. 24 Late onset autosomal dominant cerebellar ataxias (ADCA) are often associated with clinical features such as ophthalmoplegia, deafness, optic atrophy, pigmentary retinopathy, dementia, peripheral neuropathy, spasticity, extrapyramidal features and myoclonus.5 25 The underlying pathology is often, but not always, olivopontocerebellar atrophy, although this cannot be established on clinical grounds. Apparently sporadic cases are more common and clinically similar to those of ADCA; these have been referred to as idiopathic late onset Supramaximal stimuli were applied to the ulnar nerve at the wrist and over the C7/TI interspace using an electrical stimulator (Digitimer D180); the proximal motor roots are excited at the intervertebral foramina when the stimulating cathode is placed over the cervical spine and the anode is 6 cm lateral on the ipsilateral side.'5 Transcranial stimuli were delivered using a magnetic stimulator,14 consisting of a capacitor charged up to a maximum of 4 kV and discharged rapidly into a circular copper coil of inner diameter 9 cm, placed over the subject's vertex. The time course of the magnetic field produced by this coil peaks at approximately 150 ts and this induces a stimulating current with a peak at around 80 gs. 16 To measure the cortical response, subjects were asked to maintain slight voluntary abduction of the fifth digit (about 5-10% maximum force), which is know to facilitate the compound muscle response. The magnetic stimuli were given at increasing intensities to at least 20% above threshold for facilitated CMAPs. Once reproducible responses were obtained, usually at 60-80% maximum output of the stimulator, three further stimuli were given. Thus, four responses to motor cortical stimulation were obtained, and measurement was made of the shortest onset latency and largest amplitude of the first negative deflection of the CMAP."6 The maximum duration of CMAPs was measured from the beginning of the first negative deflection to the end of the last negative deflection which had at least 10% of the maximum negative amplitude. In some patients CMAPs were very small and could not be reliably distinguished from the background EMG activity. In these cases the side in question was kept relaxed and the patient made a strong contralateral hand muscle contraction. This method of facilitation causes a shift in latency similar to that when the ipsilateral ADM itself is activated voluntarily."9 Responses were regarded as absent when no CMAP was obtained, with ipsilateral or contralateral facilitation, at 95-100% maximum stimulator output.
Normal data were obtained from 26 male and six female healthy volunteers, aged 21 to 78 years (mean 37, SD12).18 Both sides were studied in 17 subjects to assess normal sideto-side variation. CMAPs were easily obtained with stimulation at each site. The mean CMCT on 46 sides of 32 subjects was 6-2 ms (range 4 5-7 7, SD 0 86) and the upper limit of normal was taken as 8 3 ms (mean +2 5 SD). The CMAP duration was 8-6 ms (SD 1-2). Amplitudes of CMAPs to cortical stimulation ranged from 2 1-6-7 mV; for assessment of normal limits, amplitude was expressed as a percentage of that obtained with stimulation at the wrist and was always at least 18%. The lower limit of normal was set conservatively at 15%. Mean peripheral motor conduction velocity from root and wrist stimulation was 66 m/s (range 52-76, SD 5 7, lower limit of normal 52). The upper limit of normal distal motor latency to ADM was 3 3 ms (range 1-6-3-3, mean 2-4, SD 0 4). The mean interside difference of CMCT was higher in Friedreich's ataxia (4 7 ms, SD 4 2) compared with EOCA (1.4, SD 19) and LOCD (1 9, SD 1-6). However, eight out of nine abnormal Friedreich's ataxia cases in which both hands were investigated had bilaterally prolonged CMCT. CMCT was bilaterally prolonged in five out of six abnormal EOCA cases and in only one out of five abnormal LOCD cases when both The amplitude and duration of responses evoked by root stimulation were similar in all three groups and there was no significant difference in distal latency or MCV along the ulnar nerve between the groups; virtually all cases were normal.
792
No adverse effects of the procedure were reported or noted in any of the patients or control group. 2) . A normal central motor conduction study, although not ruling out the diagnosis of Friedreich's ataxia, must lead to a reassessment of the case. A high incidence of central motor conduction abnormality was also found in EOCA, but less than in Friedreich's ataxia. This suggests that the retention of tendon reflexes which particularly differentiates this condition from Friedreich's ataxia is due mainly to preservation of the afferent section of the reflex arc, rather than more severe corticospinal tract disease. Some EOCA cases, even with long histories, had normal central motor conduction and this raises the possibility that EOCA is a heterogeneous disorder rather than a single entity. Marked variability in central motor conduction in LOCD would also suggest heterogeneity, as expected from the clinical and pathological findings in this condition. CMAP amplitudes were higher than in Friedreich's ataxia ( fig  2) and CMCT was prolonged often only unilaterally.
Studies of central motor conduction by magnetic stimulation in other neurological disorders have demonstrated that the abnormalities encountered in this study are not specific to any single pathological process. Prolongation of CMCT may be due to slowed conduction in demyelinated fibres but a similar delay might be caused by conduction in smaller fibres of the Claus, Harding, Hess, Mills, Murray, Thomas same tract due to selective loss of large fibres, by utilisation of another, oligosynaptic pathway or by reduction in the size or synchrony of the efferent volley impinging on the anterior horn cell.25 Thus axon loss alone can cause CMCT prolongation and values as high as 20 ms have been recorded in motor neuron disease"8 and cerebrovascular disease (unpublished observation) as well as in multiple sclerosis.' 7 18 CMCT as measured here includes a small peripheral component of around 15 ms due to synaptic delay and conduction in the C8 and TI motor roots proximal to the intervertebral foramina; none of the cases studied had slowing of conduction in the peripheral nerves which was significant in itself to prolong CMCT. Furthermore, it has been shown previously that CMCT can be successfully studied by both electrical and magnetic brain stimulation in the presence of severe peripheral neuropathy.2627 One striking feature of the present study was the much greater duration and apparent temporal dispersion of responses to cortical stimulation in Friedreich's ataxia compared with the other disorders. No similar phenomenon was seen on wrist or root stimulation. The pathophysiological significance of this observation is uncertain; single stimuli to the motor cortex cause a train of descending impulses which may result in repetitive firing of anterior horn cells in normal subjects.'6 Whether the potential duration differences noted here represent qualitatively distinct pathological processes, or are simply a matter ofdegree, has yet to be established. This work was supported by the Deutsche Forschungsgemeinschaft, the Multiple Sclerosis Society, and the Friedreich's Ataxia Group.
